Abstract:
Introduction
Hydrogen storage alloys have received much attention owing to their importance in applications such as hydrogen reservoirs, batteries, heat pumps, and compressors, etc.
[1].
AB 5 -and AB 2 -type alloys have been more extensively investigated and widely applied in Ni-MH batteries. The compositions and chemical states of the alloy surface can strongly influence the electrochemical characteristics of the alloy electrode such as activation behavior and corrosion resistance against alkaline electrolyte and cycle life of Ni-MH battery.
Improving the performance of MH electrodes by means of surface treatment has received considerable attention in recent years. Up to now, metal coatings such as copper and nickel plating using alkaline, acid and reducing agents such as NaBH 4 treatment methods have been developed in laboratories [2] [3] [4] . Yan and Suda [5] found that the activation rate and high-rate dischargeability of the LaNi 4.7 Al 0.3 alloy electrode were enhanced by treating with hot alkaline solution containing hydrazine.
Heteropolyacids (HPAs) have been known and widely used for several years, e.g. in corrosion protection, in electrochromic devices, in the production of sensors, dyestuffs, and capacitors, etc. [6, 7] . For catalytic applications, phosphorodecatungstic acid (H 3 PW 12 O 40 ) [8, 9] is most often used, albeit similar properties are exhibited also by other HPAs (e.g. α-SiW 12 O 40 4-is the catalyst of, inter alia, the hydrogen release process in weak acid media [10] ). Specifically, heteropolyacids as deposited on pure nickel and some its alloys, as well as on palladium, significantly enhance the catalytic activity of these metals for the hydrogen release reaction [11, 12] .
In our earlier papers [13, 14] the influence of small amounts of bismuth (3.3 at%) in AB 5 -based alloys for the hydrogen absorption in strong alkaline solution has been reported. The partial substitution of cobalt with bismuth in LaCo 5 alloy [13] All experiments were performed at room temperature, in an electrochemical cell consisting of a working electrode, a saturated calomel reference electrode (SCE), and a platinum counter electrode.
The LaCo 4.8 Bi 0.2 and LaCo 4.8 Bi 0.2 (TPA) electrodes were immersed in 6 M KOH solution, and the open circuit potential (E OCP ) monitored for an hour. A constant cathodic charging current (1mA cm -2 ) was than applied for 30 minutes, and halted. The open circuit potential of the electrode was again monitored for an hour. Then both for hydrogenated and hydrogen-free samples, an anodic potentiokinetic polarization curve was obtained at a scan rate of 10 mV s -1 beginning at potential 50 mV below the E OCP and ending at about 0.5 V where oxygen evolution begins.
Linear polarization experiments were performed on the alloy under potentiokinetic conditions at scan rate of 1 mV s -1 from -10 to 10 mV versus open circuit potential. The exchange current density i o was calculated from the slope of micropolarization curves according to the following equation [15] : (1) where R, T, F, and R p are gas constant, absolute temperature, Faraday constant, and polarization resistance, respectively.
Galvanostatic charge-discharge experiments were carried out by charging with hydrogen for 30 minutes (1 mA cm -2 cathodic current density) then discharging (1 mA cm -2 anodic current density). Cyclic voltammogram curves for the LaCo 4.8 Bi 0.2 and LaCo 4.8 Bi 0.2 (TPA) alloys were carried out in the potential region between -0.3 and -1.3 V versus SCE at scan rate of 10 mV s -1 . All electrochemical relationships were measured using a CH Instruments (Austin, TX, USA) potentiostatgalvanostat.
Results and discussion
To investigate the change in the surface state of the alloy by H 3 PW 12 O 40 solution treatments, potentiokinetic anodic polarization tests were conducted on the alloys . Fig 1. shows the anodic polarization curves of the LaCo 4.8 Bi 0.2 and LaCo 4.8 Bi 0.2 (TPA) alloys before and after charging at constant cathodic current density (1 mA cm -2 ) for 30 minutes. The tested LaCo 4.8 Bi 0.2 alloy shows a tendency for passivation in 6M KOH solution. In the passive region of the polarization curve (from -0.3 V to -0.07V) passive layer contained the primarily Co(OH) 2 [16] . Upon anodic polarization to more positive potentials, Co 2+ is further oxidized to Co 3+ and the passive layer The open circuit potential for LaCo 4.8 Bi 0.2 alloy shifts to more negative potentials both after the cathodic charging process and heteropolyacid treatment, which is an indication of hydrogen absorption or the formation of a hydride. Results show that the anodic current observed during anodic polarization increases significantly as the cathodic charging current is applied and LaCo 4.8 Bi 0.2 alloy surface by tungstophosphoric acid treated.
Changes in the electrode potential during absorption and desorption of hydrogen from the LaCo 4.8 Bi 0.2 and LaCo 4.8 Bi 0.2 (TPA) alloys are illustrated in Fig. 2 . A plot of the potential versus time during discharge shows a region of potential plateau (ca. -1.0 V, typical for the H 2 O/H 2 system for strongly alkaline solution), which represents the progress of oxidation of the absorbed hydrogen. When the potential reaches a value of about 0.4 V (SCE), oxygen evolution begins. Fig. 2 shows a clear effect of heteropolyacid treatment on hydrogen absorption. The LaCo 4.8 Bi 0.2 sample exhibited significantly shorter time, indicating less hydrogen absorbed, than the LaCo 4.8 Bi 0.2 (TPA) sample. These initial results have shown that this acid-treatment method is promising for surface modification of LaCo 4.8 Bi 0.2 alloy. Fig. 3 shows cyclic voltammogram curves of the initial and heteropolyacid treatment LaCo 4.8 Bi 0.2 alloy electrodes in the 6M KOH aqueous solution at room temperature. The height of the oxidation peak shown in the figure reflects the kinetic property of the electrode and the anodic area in CVs indicates the capacity of hydrogen absorption [18] . Surface treatment by tungstophosphoric acid causes the anodic oxidation peaks current of the tested alloy to reach the highest value, and the anodic area is much larger than the unmodified LaCo 4.8 Bi 0.2 alloy, indicating that this treatment remarkably improves the hydrogen-storage capacity and electrocatalytic activity of the alloy electrode.
Amount of anodic oxidation of hydrogen during anodic sweep of CV would be expressed by means of the quantity (Q) of discharge calculated by following equation: (2) where t 1 , t 2 and t are times; E 1 , E 2 and E are potentials; i is anodic current; υ is scan rate. The values of discharge capacity (Q) are given in Fig. 3 . As shown in Fig. 3 , the surface treatment by heteropolyacid is beneficial to hydrogen absorption and improves activity, charge efficiency and capacity of LaCo 4.8 Bi 0.2 alloy electrode.
Linear polarization experiments were performed on the of the LaCo 4.8 Bi 0.2 (TPA) electrode is higher than of the LaCo 4.8 Bi 0.2 electrode. Therefore surface heteropolyacid treatments markedly improve the electrocatalytic activity for hydrogen absorption reaction of the LaCo 4.8 Bi 0.2 alloy electrode. The exchange current densities were estimated using Eq. 1 and the results are presented in Fig. 4 . From the operational point of view, one of the basic requirements for a good cell is the lowest possible polarization of the electrodes when considerably high currents are being drawn from the cell. Such properties are only exhibited by those hydride electrodes, which have corresponding high exchange current densities. High charging/discharging process rates can be achieved, e.g. through the electrocatalytic activation of the hydride electrode. A literature review shows that, until now, no heteropolyacids have been used to enhance the catalytic ability of hydrogen-absorbing materials. Modifying the surface of AB 5 type materials by heteropolyacids stands a chance of improving the kinetics of the electrode process. 
Conclusion
The hydrogen absorption in 6M KOH on modified This heteropolyacid-treatment is capable of realizing high reactivity in hydrogen-absorbing alloys, enabling highly functional nickel metal hydride batteries.
